To identify factors involved in choledocholithiasis, clinical characteristics were studied using univariate and multivariate analyses. Factors involved in recurrence were also investigated. The subjects consisted of 51 patients with calcium bilirubinate stones (B group) and 52 patients with cholesterol stones (C group). All patients had choledocholithiasis and underwent lithotripsy by endoscopic sphincterotomy (EST) during the past 9 years. Twenty variables, including clinical symptoms and endoscopic retrograde cholangiopancreatography (ERCP) findings, were analyzed using a Statistical Analysis System (SAS) software package. Univariate analysis were done using Student's t-test and the chi-square test. Multivariate analyses were done by stepwise logistic regression analysis. In univariate analyses, there were significant differences between the B group and C group in nine variables: age, common bile duct diameter, common hepatic duct diameter, common bile duct stone diameter, cystic duct diameter, and the presence of gallbladder stones, atypical arrangement of the hepatic duct, parapapillary diverticulum, and large parapapillary-diverticulum. In multivariate analysis, the four variables of no gallbladder stone, large parapapillary diverticulum, cystic duct less than 8 mm, and atypical arrangement of the hepatic duct were significant independent factors for the development of stones in the B group, with relative risks of 37.75, 16.73, 5.56, and 5.49, respectively. The results indicated that calcium bilirubinate stones were frequently associated with parapapillary diverticulum and abnormal arrangement of the bile duct. The formation of these stones was attributed to chronic biliary stasis caused by dysfunction of the biliary tract, including the papilla. In contrast, most cholesterol stones found in the common bile duct had apparently descended from the gallbladder. Common bile duct stones recurred after EST in 9 patients, all of whom had calcium bilirubinate stones. On ERCP, recurrence was found to be frequently associated with gallbladder stones, large parapapillary diverticula, and atypical arrangement of the hepatic duct. Patients with these characteristics on initial ERCP should therefore receive appropriate treatment and undergo strict follow-up observations owing to the increased risk of recurrence caused by dysfunction of the biliary tract.
I. INTRODUCTION
There have been many basic and clinical studies on cholecystolithiasis. A better understanding of the factors responsible for cholecystolithiasis his contributed to more accurate diagnosis and to improved therapeutic techniques [1] [2] [3] [4] [5] . However, relatively few studies have focussed on the etiology and diagnosis of choledocholithiasis, and the clinical characteristics of this disease are still poorly understood. The authors therefore studied the factors involved in the genesis of choledocholithiasis by univariate and multivariate analyses in patients undergoing endoscopic sphincterotomy (EST). These factors included clinical signs and symptoms of patients with choledocholithiasis who underwent transpapillary lithotomy, cholangiographic findings on endoscopic retrograde cholangiopancreatography (ERCP), and the configuration of the duodenal papilla. In addition, the characteristics of the bile duct and causative factors were studied in patients with recurrent stones.
II. SUBJECTS AND METHODS

Subjects
During the 9-year period between January 1986 and December 1994, 159 patients with choledocholithiasis underwent stone removal by EST. Sixty-two of these patients had stones of the common bile duct alone, and 97 had stones of the gallbladder and the common bile duct. Seventy of the patients were men, and 89 were women. Their mean age was 69.6 + 12.9 years. Mechanical lithotripsy was performed using a lithotripter in 53 patients. Lithotripsy using a basket and balloon catheter was performed in 90 patients. Electrohydraulic lithotripsy (EHL) under peroral cholangioscopy was performed in 3 patients. Transpapillary lithotomy could not be performed in 10 patients, who instead underwent percutaneous transhepatic cholangioscopic lithotripsy (PTCSL). The stones were spontaneously discharged in three patients (Table I) . One hundred fifteen patients in whom the stones were able to be retrieved (excluding spontaneous discharge and retrieval of only minute quanti- group were asymptomatic (combined total, 17 patients, 17%). Elevation of biliary enzymes was seen in most patients in both groups, and 24 patients (47%) in the B group and 20 (38%) in the C group (combined total, 44 patients, 43%) presented with signs and symptoms of cholangitis. Among these patients, only one in the B group and two in the C group had acute obstructive suppurative cholangitis (AOSC), which was associated with shock and disturbed consciousness. Both of these patients required emergency EST and drainage. Cholecystitis was concurrently present in 8 patients (16%) in the B group and 11 patients (21%) in the C group (combined total, 19 patients, 18%). There was no significant difference between the groups in any of these characteristics (Table HI) . 
ERCP Cholangiograms
The mean age of the patients was significantly higher in the B group than in the C group (p < 0.001). The diameters of the common bile duct and the common hepatic duct were also significantly greater in the B group (p < 0.001, P 0.005). Similarly, the diameter of common bile duct stones was significantly greater in the B group than in the C group (p < 0.001). In contrast, the diameter of the cystic duct was significantly greater in the C group than in the B group (p < 0.001) (Table IV) .
3) ERCP Cholangiograms and Endoscopic Findings
Gallbladder stones were concurrently present in significantly more patients in the C group than the B group (p < 0.001). (Table VII) . In the field of internal medicine, transpapillary lithotomy by EST is generally employed to treat choledocholithiasis, and we have performed EST as the procedure of choice since 1985 [7, 8] . Cases complicated by confluence stones and intrahepatic stones are treated by PTCSL, which has also produced good results [9, 10] . By selecting between these two routes for endoscopic treatment, most cases of choledocholithiasis can be managed effectively. In the field of surgery, choledochotomy is assigned a high priority, and the indications for transpapillary surgery differ depending on the insttufion. Internists and surgeons thus still differ in their approaches to treatment [11, 12, 13] . Recently, extracorporeal shock wave lithotripsy (ESWL) has also been used to treat bile duct stones [14] . In the future, more refined techniques for diagnosis and a corresponding wider assortment of treatment options will most likely become available. Therefore, assessment of differences between bilirubinate stones and cholesterol stones based on ERCP images and clinical symptoms is considered to be useful for diagnosis and the selection of the optimal procedure for treatment.
Stones were classified according to the classification proposed by the proposal of the Gallstone Study Group of the Japanese Society of Gastro-Enterology [15] , but black stones were classified separately because their components have not been fully defined and because IR analysis is still inadequate [16] [17, 18] . Formerly, bilirubinate stones were found predominantly in elderly patients and accounted for the majority of common bile duct stones. Recently, however, there has been a trend toward a relative decrease in bilirubinate stones [19] , and in this study there were comparable numbers of patients with bilirubinate stones (51) and those with cholesterol stones (52). Furthermore, although concurrent gallbladder stones were not uncommon in the B group, over half the patients in this group had common bile duct stones alone. In contrast, most patients in the C group concurrently had gallbladder stones, and cases of solitary common bile duct stones were extremely rare. Therefore, the high number of cholesterol stones in the common bile duct was attributed to gallbladder stones descending to the common bile duct rather than a high rate of biosynthesis of cholesterol stones inside the common bile duct. The significantly greater diameter of common bile duct stones in the B group than in the C group was considered to reflect the gradual formation of bilirubinate stones within the bile duct; these stones only rarely descend from the gallbladder. The significantly greater caliber of the bile duct in the B group was apparently caused by prolonged elevation of pressure within the bile duct and biliary stasis, but the effects of age-related changes and papillary dysfunction also merit consideration. In contrast, the smaller stone and common bile duct diameters and the significantly greater cystic duct diameter in the C group, revealed by univariate analysis, and the fact that the cystic duct diameter was related to stone formation in the C group, as demonstrated by multivariate analysis, indicate that stones in this group descended from the gallbladder and passed through the cystic duct to the common bile duct.
Since the description of the "Papillensyndrom" by Lemmel [20] , parapapillary diverticulum have been considered to be associated with cholelithiasis, and a particularly strong relation with common bile duct stones has been suggested [21, 22, 23] . Many reports on the mechanism of stone formation have claimed that mechanical retraction of the end of the common bile duct [20,21 or Oddi's muscle, or papillary dysfunction caused by continuous physical stimulation [22, 23] elevate bile duct pressure, promote biliary stasis, and disturb biliary flow, but the details are still unclear owing to the lack of adequate basic research. Kimura et al. [24] reported no association between pathological evidence of parapapillary duodenal diverticula pathologically and histological changes of the papillary region. Clinically, however, diverticula were considered to be involved in stone formation. In addition, although most diverticula have been found on the oral side of the papilla, there have been few studies on diverticulum size [23, 25] , and measurement methods have differed depending on the institution. We have designated a large parapapillary diverticulum to be present when the opening of the diverticulum was two or more times the transverse diameter of the main duodenal papilla, or if the site in contact with the main papilla was a half circumference or more. In multivariate analyses, a large papillary diverticulum was the second most strongly associated factor with stone formation in the B group, following no gallbladder stone. With regard to the relation between parapapillary diverticulum and stone recurrence, Fuji et al. [26] reported that parapapillary duodenal diverticula were seen in all patients who had recurrent stones of the common bile duct, but there was no mention of size. In the present study, the presence of large diverticulum in the majority of patients with recurrence clearly indicates long-term functional or organic disturbances of the lower biliary tract, including the papillary region. These patients were therefore at greater risk for the development of severe biliary stasis and infection.
The biliary tract is known to show a diverse variety of arrangements but a concept defining abnormal arrangement has yet to be established [27] . Recently, Kuji et al. [6] classified abnormal arrangement of the cystic duct based on the results of a questionnaire survey of members of the Japanese Study Group for Biliary Surgery (Fig. 1) . The results of this survey indicated the incidence of abnormal patterns of the cystic duct to be about 5%, which is distinctly lower than in North America and Europe [28, 29] . We previously reported on abnormal arrangement of the cystic duct in patients with cholelithiasis [30] , and in cholecystolithiasis the incidence an abnormal arrangement of the cystic duct was relatively high (13%). In the present study, there was a remarkably high rate of abnormal arrangement of the cystic duct, found in 39 (38%) of the 103 patients with common bile duct stones in the B group and C groups. This suggests that abnormal arrangement of the cystic duct is associated with some dysfunction of the cystic duct, which may be involved in not only the formation of gallbladder stones but also stones descending from the gallbladder. Many reports have described abnormal configurations of the bile ducts, particularly the hepatic duct [27, 31 ] . However, in Japan there are considerable differences among institutions concerning the nomenclature for the accessory hepatic ducts, and no standardized classification is available. We therefore considered a typical arrangement to be present when the intrahepatic bile ducts united in one left and one right main trunk, and all other arrangements were defined as atypical. In other words, these latter cases were classified as atypical arrangement of the hepatic duct. There has been no study of the association between the arrangement of the hepatic duct and function of the papillary region. In our series, an atypical arrangement of the hepatic duct was present in 54 (52%) of 103 cases of common bile duct stones. In a series of 318 cases of gallbladder stones diagnosed during the same period as the present study, an atypical arrangement of the hepatic duct was found in only 87 patients (27%). 
